Glutamate-induced metabolic changes influence the cytoplasmic redox state of hippocampal neurons.
Brain cell metabolism is intimately associated with intracellular oxidation-reduction (redox) balance. Glutamatergic transmission is accompanied with changes in substrate preference in neurons. Therefore, we studied cytoplasmatic redox changes in hippocampal neurons in culture exposed to glutamate. Neurons were transfected with HyPer, a genetically encoded redox biosensor for hydrogen peroxide which allows real-time imaging of the redox state. The rate of fluorescence decay, corresponding to the reduction of the biosensor was found to be augmented by low doses of glutamate (10 μM) as well as by pharmacological stimulation of NMDA glutamate receptors. Acute chelation of extracellular Ca(2+) abolished the glutamate-induced effect observed on HyPer fluorescence. Additional experiments indicated that mitochondrial function and hence energetic substrate availability commands the redox state of neurons and is required for the glutamate effect observed on the biosensor signal. Furthermore, our results implicated astrocytic metabolism in the changes of neuronal redox state observed with glutamate.